INTRODUCTION
Although the percentage of patients with breast cancer diagnosed at an early stage has increased as a result of promoted awareness, early detection campaigns, and screening tools such as mammography, up to 30% of breast cancer patients still present with advanced disease at initial diagnosis [1] . In breast cancer, the presence of axillary lymph node (ALN) metastasis is one of the most important prognostic factors and several researchers have found that a higher number of metastatic ALNs is directly related to worse prognosis [2, 3] . In particular, patients with ≥ 10 metastatic ALNs are at a higher risk for recurrence than those with < 10 metastatic ALNs [4] . As a result, since the sixth edition of the American Joint Committee on Cancer TNM staging system was published in 2003, the N classification has been defined by the number of affected ALNs, and cases involving ≥ 10 positive ALNs are subcategorized as pN3a disease (stage IIIC), the second-worst stage after stage IV [5] .
Lymph node ratio (LNR), defined as the number of positive lymph nodes divided by the number of dissected lymph nodes, is recognized as a strong prognostic factor in breast cancer, as well as in many other types of cancer [6, 7] . By definition, patients with multiple nodal involvement generally have a high LNR and over 60% of breast cancer patients with ≥ 10 positive ALNs are classified as high-risk [8] . Although a high LNR is known to be closely associated with poor survival, few studies have investigated its impact on locoregional recurrence (LRR), especially in patients with locally advanced disease.
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juvant endocrine therapy, has resulted in favorable clinical outcomes in patients with ≥ 10 involved ALNs [9, 10] . Several studies have suggested the presence of heterogeneous subgroups with different pathologic and molecular characteristics that could influence prognosis within the same stage [9] [10] [11] . Thus, patients with certain demographic or pathologic features could be expected to have a better prognosis despite a high number of positive ALNs. Adjuvant RT has also contributed to improvement in outcomes, mainly by reducing LRR in the setting of contemporary adjuvant chemotherapy [4, [12] [13] [14] . However, to date, nothing has been found to influence LRR after multimodality treatment in patients with ≥ 10 positive ALNs. Furthermore, there are few treatment options for patients with LRR after aggressive adjuvant local treatments. Therefore, identification of patients at high risk for LRR, who may benefit from the application of risk-adapted treatment, is very important. This study focused particularly on identifying the impact of LNR on LRR after multimodality treatment.
METHODS

Patient population
This study was approved by the Institutional Review Board of Samsung Medical Center and the requirement for informed consent was waived (2015-08-024-001). We reviewed medical records of all breast cancer patients with ≥ 10 involved ALNs who were referred for RT at our institution between 2000 and 2011. To improve the homogeneity of the study subjects, our exclusion criteria included: (1) internal mammary or supraclavicular node metastasis or distant metastasis at initial diagnosis, (2) no available pathologic report, (3) a history of neoadjuvant chemotherapy, and (4) a past history of malignancy including contralateral breast cancer. Finally, 234 patients were included in this analysis. Data on clinicopathological characteristics, RT parameters, and contents of adjuvant systemic treatments were retrospectively collected. Follow-up information and data on the times and sites of recurrence were obtained by direct review of the medical records by the investigators.
Treatment
All patients received multimodality treatment consisting of radical surgery with axillary lymph node dissection, adjuvant chemotherapy, and adjuvant RT. Breast-conserving surgery (BCS) was performed in 65 patients (27.8%) and mastectomy was performed in 169 patients (72.2%). A close resection margin was defined as tumor cells within 2 mm of the resection margin.
Adjuvant chemotherapy was administered within 2 to 8 weeks of the date of surgery. Chemotherapeutic agents and the number of cycles were determined by medical oncologists according to patient age, performance status, and cardiac function. Six patients (2.6%) did not complete the planned course of adjuvant chemotherapy because of the side effects of the drug regimen or at the patient's own discretion. Trastuzumab, an anti-human epidermal growth factor receptor 2 (HER2) antibody, was administered in 46.3% of HER2-positive patients. Adjuvant RT was initiated between the fourth and fifth cycle of chemotherapy, or 3 to 4 weeks after completion of all scheduled adjuvant chemotherapy. The radiation technique was relatively uniform regardless of the means of simulation, which was based on either fluoroscopy or computed tomography (CT). The chest wall or intact breast was irradiated using tangential 4-or 6-MV photon beams. The radiation dose delivered to the chest wall or intact breast ranged from 44 to 50.4 Gy (median, 50 Gy). A tissue-equivalent bolus of 5 mmthickness was used to increase the surface dose for patients with skin or dermal involvement of the tumor. Patients who underwent BCS received an additional electron boost with a total dose of 9 to 15 Gy in 2 to 3.5 Gy per fraction. The supraclavicular lymph node region was irradiated using a separate anterior half-blocked beam angled 15° off the spinal cord with a median total dose of 50 Gy (range, 44-60 Gy), usually prescribed at a depth of 3 cm. Elective internal mammary nodal (IMN) irradiation was performed in seven patients who were enrolled in a prospective randomized trial of the Korean Radiation Oncology Group (KROG) 08-06 [15] .
Statistics
The clinicopathologic characteristics associated with locoregional control (LRC) were analyzed. The cutoff value of LNR was obtained using receiver operating characteristic curve analysis. LRC rate was calculated from the date of surgery to the date of diagnosis with recurrence at the sites including ipsilateral breast or chest wall, ALNs, IMNs, infraclavicular or supraclavicular lymph nodes, using Kaplan-Meier method. Univariate analysis was carried out using the log-rank test, and multivariate analysis was carried out using the Cox proportional hazards model. All statistical analyses were performed with SPSS software version 20.0 (IBM Corp., Armonk, USA). A probability value of < 0.05 was considered statistically significant.
RESULTS
Patient characteristics
Patient characteristics are summarized in Table 1 . The me-dian age was 43 years (range, 29-77 years). Of nine patients with positive resection margin, three patients underwent BCS. These patients received adjuvant RT with dose escalation instead of further re-excision after consultation with their surgeon. The positive resection margin in six patients who underwent mastectomy was located at the fascia of underlying skeletal muscle and further re-excision was not possible. These patients also received adjuvant RT with dose escalation. Tumor cell types except invasive ductal carcinoma included invasive lobular carcinoma (n = 9), invasive micropapillary carcinoma (n = 10), mixed cell carcinoma (n = 4), invasive tubulolobular carcinoma (n = 2), invasive apocrine carcinoma (n = 1) and metaplastic carcinoma (n = 1). Lymph node status data are summarized in Table 2 .
Pattern of failure
By the end of the study, a total of 98 patients (41.9%) had been diagnosed with recurrence. Thirty (12.8%) of these patients had LRR. The sites of LRR were as follows: local (n = 7, 3.0%), supra-/infraclavicular area (n = 14, 6.0%), ALN (n = 17, 7.3%), and IMN (n = 8, 3.4%) ( Table 3) . Twenty-four patients were found to have LRR at the time of the first failure. Half of the patients with LRR at the time of the first failure presented with isolated LRR. Of these, local salvage treatment was carried out in eight patients before systemic therapy; surgery was performed in six patients and RT was performed in two patients with IMN recurrence. Three patients received only systemic treatment after diagnosis with isolated LRR. One patient refused treatment and was lost to follow-up.
Locoregional control and prognostic factors
For a median follow-up period of 73.5 months (range, 11-183 months), the 5-year LRC rate was 88.8% ( Figure 1) . We determined that an LNR cutoff value of 0.7 could significantly discriminate LRC. According to the univariate analysis, LNR ≥ 0.7 had a marginally significant impact on LRC (p = 0.06) (Figure 2 ). Pathologic stage T3 to T4 tumors also showed a modestly significant trend toward lower LRC (p= 0.07). Age ( < 50 vs. ≥ 50) (p= 0.32), menopausal status (p= 0.29), nuclear grade (p = 0.65), resection margin (p = 0.91), molecular subtype (p= 0.96), and the use of taxane chemotherapy (p= 0.44) were not significantly associated with LRC. LNR ≥ 0.7 was identified as the only independent factor for LRC in the multivariate analysis (hazard ratio, 2.06; 95% confidence interval, 0.99-4.29; p= 0.05) ( Table 4) .
DISCUSSION
Our results reflect recent favorable changes in outcomes for breast cancer patients harboring 10 or more metastatic ALNs with modern treatment strategies. The dismal natural history of patients with ≥ 10 involved ALNs who are treated by radical surgery alone has been well demonstrated by earlier studies. Jones et al. [16] performed a large-scale review of patient data between 1964 and 1975 from the Natural History Database and reported that the 5-year disease-free survival (DFS) and overall survival (OS) rates for patients with ≥ 10 positive lymph nodes metastasis who underwent surgery without adjuvant treatments were only 29% and 44%, respectively. Donegan and Lewis [2] reported that patients with ≥ 10 involved lymph nodes who were treated with radical mastectomy alone had a LRR rate of 50% and a 10-year survival rate of < 10%. The high LRR rate of 50% after radical mastectomy alone implies that adjuvant local treatment is required. To reduce the rate of LRR and eventually to improve survival rate, the role of adjuvant RT has been investigated. However, adjuvant RT alone has not shown a satisfactory survival benefit. For example, Geara et al. [11] reported that patients who received adjuvant RT alone without systemic therapy had a poor 5-year DFS of 11%. This disappointing result was mainly attributed to the predominant distant metastasis. There is a general assumption that node-positive breast cancer should be considered a disseminated disease that requires adjuvant systemic therapies, rather than a locally advanced disease. Indeed, adjuvant chemotherapy with a multidrug regimen including taxane in particular has increased the survival rates especially for node-positive breast cancer patients [17, 18] .
In addition to the failure of adjuvant RT to favorably affect survival in earlier postmastectomy RT studies because of predominant distant metastasis, a meta-analysis with long-term follow-up showed an increase in non-cancer-related deaths after RT [14, 19] . These findings had made clinicians hesitant to use adjuvant RT for breast cancer patients with extensive nodal involvement.
Notwithstanding the setting of contemporary adjuvant systemic chemotherapy in locally advanced breast cancer, adjuvant RT has demonstrated survival benefit. The benefit of adjuvant RT for patients with locally advanced breast cancer was well demonstrated in two prospective, randomized postmastectomy RT trials from Denmark and British Columbia [20, 21] . In addition, several retrospective studies have shown that adjuvant RT played an important role in the reduction of LRR, even in patients with ≥ 10 involved ALNs located at the extremes of locally advanced disease, thereby contributing to improved survival rates [4, 9, [11] [12] [13] . Later, a meta-analysis by the Early Breast Cancer Trialists' Collaborative Group reaffirmed the benefit of postmastectomy RT in node-positive patients of whom the majority received adjuvant systemic treatment [22] . Based on these findings, an aggressive treatment with a multidisciplinary approach should be the mainstay of treatment for patients with ≥ 10 involved ALNs, and adjuvant RT must be an indispensable part of this multimodality treatment.
The incidence of LRR in the current study was 12.8%, which is comparable to previous studies [4, 12, 13] . Even with multimodality treatment, a considerable proportion (approximately 5%-13%) of patients still suffers from LRR [4, 12, 13] . Although some of the prognostic factors that influence DFS or OS have been identified, to date, the factors that influence LRR in patients ≥ 10 involved ALNs who received adjuvant RT have not been investigated. In the present study, a high LNR was the most important discriminating factor for LRR.
Although the current staging system for breast cancer is based on the absolute number of positive lymph nodes, increasing evidences suggest that LNR can predict survival outcome more accurately, and that LNR would be better to be incorporated into the next staging system [6] . The validated cutoff value for LNR in breast cancer is ≤ 0.20 in the low-risk group and > 0.65 in the high-risk group [7] . This cutoff value is useful for the prediction of DFS and breast cancer mortality, although the utility in the prediction of LRC is still uncertain. Katz et al. [23] reported that LNR ≥ 0.2 was associated with a high risk for LRR in breast cancer patients who did not receive postoperative RT. Truong et al. [24] suggested that a cutoff value of 0.25 could be used to predict LRR in patients with T1 to T2 stage disease and 1 to 3 positive lymph nodes. However, these values are difficult to apply to patients with extensive nodal involvement because the minimum LNR in the patients of this study was 0.24. Therefore, a new cutoff value to predict the risk for LRR in locally advanced breast cancer should be determined. We found that a significant difference in LRC was observed at a cutoff level of 0.7. Of course, validation of this value in a similar setting is required.
The higher rate of LRR in patients with a high LNR emphasizes once again the importance of regional RT. This importance was recently described by two prospective randomized trials [25, 26] . Both of these trials reported reduction in all types of recurrence and increase in DFS with regional nodal RT. Especially, MA.20 study investigators demonstrated significant increase of the 10-year isolated locoregional diseasefree survival rate in the regional nodal RT group (92.2% in the control group vs. 95.2% in the nodal irradiation group, p= 0.009). Notably, the majority of the patients in the MA.20 study had ≤ 3 positive ALNs. This means that regional nodal RT can have a greater potential effect on LRC in patients with extensive nodal involvement.
To maximize the effect of regional RT, accurate delineation of nodal areas must precede adjuvant RT. This study employed the conventional RT technique of a standard tangential chest wall or intact breast field plus a single port to the supraclavicular region. However, this technique may not cover all regional nodal areas appropriately due to anatomical variations among patients [27] . With the introduction of CT simulation and the development of advanced software, radiation oncologists are now able to identify anatomic areas of interest individually and delineate the clinical target volume according to specific guidelines for each anatomical site [28, 29] . However, a recent European Organization for Research and Treatment of Cancer Nodal Radiotherapy survey reported that only 61% of centers delineated nodal areas when three-dimensional (3D) RT planning was carried out [30] . Moreover, 40% of all institu-tions prescribed elective irradiation to axillary lymph nodes area in patients with ≥ 3 positive ALNs after axillary lymph node dissection. Likewise, we did not properly delineate all of the concerning nodal areas on CT simulation images and this may be an important cause of the lower LRC in patients with a high LNR. Once regional nodal areas are delineated, 3D conformal or intensity-modulated treatment planning should be followed to confirm adequate dose coverage.
In conclusion, this retrospective study of breast cancer patients with ≥ 10 involved ALNs demonstrated that LNR influences LRC. A high LNR was identified as the sole significant factor influencing LRC after adjuvant RT. Our findings suggest that a conventional tangential RT field with a single supraclavicular port should be avoided in patients with extensive ALN involvement and a high LNR.
